Morbidity and mortality associated with human immunodeficiency virus (HIV) has decreased with highly active antiretroviral therapy (HAART). Tenofovir is a nucleotide reverse transcriptase inhibitor (NRTI) that is preferred by the Department of Health and Human Services (DHHS) HIV treatment guidelines and is widely used for the initial treatment of HIV. Although tenofovir is generally well-tolerated, it has been associated with rare cases of acute nephrotoxicity. HIV-infected patients frequently have co-morbidities that require treatment, thus adding another level of complexity due to drug interactions and medication adverse effects with antiretrovirals. We present a patient who suffered an acute deterioration in renal function from tenofovir, leading to an accumulation of co-administered ethambutol, thus resulting in optic neuritis.
Case Report
A 51 year-old woman with a past medical history of asthma and uterine fibroids was admitted to our hospital in June 2006 with fever, shortness of breath, dysphagia, and a 50 pound weight loss over the last few months. On exam, she had oropharyngeal candidiasis and was found to be HIV-positive with a CD4 + T-lymphocyte count = 1 cell/mm 3 . Pneumocystis jiroveci pneumonia (PCP) was suspected based on her shortness of breath, and Mycobacterium avium complex (MAC) infection was considered likely due to scattered cervical, supraclavicular, and intrathoracic lymphadenopathy noted on exam and CT scan, as well as her elevated alkaline phosphatase levels of 364 U/L (normal range 50 -120 U/L). Lymphoma was also considered as an alternative diagnosis since she also had non-tender hepatomegaly. She was started on high dose steroids and sulfamethoxazole/trimethoprim (SMZ-TMP) for empiric treatment of PCP and azithromycin and ethambutol for empiric treatment of MAC. She was discharged on azithromycin 500 mg daily and ethambutol 800 mg daily (15 mg/kg; weight ~51 kg) for empiric treatment of MAC, fluconazole 100 mg daily for oral candidiasis, and sulfamethoxazole/trimethoprim 800/160 mg daily for PCP prophylaxis.
Two days later, the patient was re-admitted for a scheduled liver biopsy and a gallium scan to exclude possible lymphomatous involvement of the liver. At the time of discharge from this second stay, MAC respiratory and blood cultures were still negative and the patient was discharged on Azithromycin 1200 mg weekly for prophylaxis, ethambutol was discontinued, and SMZ-TMP 800/160 mg daily was continued for PCP prophylaxis. During her two hospital stays, her serum creatinine (Scr) and blood urea nitrogen (BUN) had been measured a total of 13 times with ranges of 0.6 -1.2 mg/dL (normal range 0.6 -1.4 mg/dL) and 7 -18 mg/dL (normal range 8 -20 mg/dL), respectively. The patient also had low bicarbonate levels of 14 -23 mg/dL (normal range 23 -31 mg/dL) and two urinalysis studies were negative for protein and glucose.
Two weeks later in mid-July, the patient followed up at our HIV outpatient clinic. Blood and sputum cultures obtained during the initial hospitalization were reported to be growing MAC and she was restarted on ethambutol, now at 1200 mg daily (22.6 mg/kg; weight ~53 kg), and azithromycin 500 mg daily. Antiretroviral therapy was initiated one week later consisting of Atripla ® , the fixed dose combination of tenofovir 300 mg, emtricitabine 200mg and efavirenz 600 mg daily. The patient also started gabapentin 300 mg three times daily and amitriptyline 50 mg at bedtime for peripheral neuropathy and dronabinol 2.5 mg twice daily for appetite stimulation.
Over the next several weeks, the patient discontinued gabapentin, amitriptyline, and dronabinol secondary to side effects of weakness and fatigue; however, she had no other complaints and reported excellent adherence to HAART and MAC treatment.
The patient returned monthly for follow-up visits. In August and September, she reported feeling better and stated that she was compliant with her MAC and HIV treatment. Labs were drawn at the September visit, 8 weeks after starting HAART. These labs showed an undetectable viral load (VL < 75 copies/ml) and an increase in her CD4 count to 26 cells/mm 3 , but her bicarbonate had decreased to 13 mg/dL and her creatinine had increased to 3.7 mg/dL with a BUN of 29 mg/dL. Her sodium, potassium, phosphorous, and serum glucose were all normal. Additionally, the urinalysis showed proteinuria and glucosuria.
One month later, approximately three months after starting HAART, the patient came in complaining of visual disturbances, reporting seeing red spots in the left eye and having decreased and blurred vision in both eyes. Of note, her weight which had increased by 3 kg had now decreased by 5 kg ~ 48 kg, making her ethambutol dose 25 mg/kg at this time, which is higher than her 15 mg/kg dose of ethambutol started at her initial hospital discharge. At this time, all medications were discontinued. An Ophthalmology consultant diagnosed the patient with possible ethambutol-induced optic neuritis manifesting with decreased visual acuity and impaired redgreen color discrimination. Our Nephrologist attributed the decrease in the patient's renal function to acute tenofovir-associated nephrotoxicity.
The patient's renal function began to improve following discontinuation of tenofovir. One week later her SCr decreased from 3.7 mg/dL to 3.1 mg/dL and 3 weeks after discontinuation her creatinine was 2.4 mg/dL. Her renal function continued to improve steadily over the next six months. However, her renal function has not returned to baseline, and remains stable with SCr between 1.3 mg/dL and 1.5 mg/dL (GFR ~ 50 ml/min) four years after discontinuation of tenofovir (see Figure 1) . Repeat urinalysis showed continued proteinuria 30 and glucosuria 500, which resolved 5 months and 6 weeks after tenofovir discontinuation, respectively.
HAART was restarted in November with abacavir 600 mg/lamivudine 300 mg daily and efavirenz 600 mg daily. A clinical decision was made not to resume MAC treatment at this time due to the drug toxicities and the patient's clinical status was monitored. Shortly after the discontinuation of tenofovir, her renal function began to improve, and continued to improve steadily over the next six months. The patient has had an excellent virologic and immunologic response (see Figure 1 ) to antiretroviral therapy, but her optic neuritis was slow to recover, Table 1 for a summary of patient events).
Discussion
The Naranjo scale has shown validity in estimating the probability of adverse drug reactions to a particular drug [1] . Based on the total score of 7 on the Naranjo scale, this is a probable adverse event as a result of tenofovir nephrotoxicity [1] (see Table 2 ). Tenofovir is a nucleotide reverse transcriptase inhibitor (NRTI) with activity against both HIV and hepatitis B virus with favorable characteristics, such as tolerability, potency, and once daily dosing. Tenofovir 300 mg co-formulated with emtricitabine 200 mg (Truvada; Gilead, Foster City, CA) are the preferred NRTIs for the treatment of HIV [2] . Tenofovir is renally excreted by glomerular filtration and active tubular secretion. Tenofovir is a monophosphorylated nucleotide analog of adenosine and is structurally related to adefovir and cidofovir, all of which are known to cause nephrotoxicity. Data from initial clinical trials indicated that tenofovir had an excellent safety profile;
however, numerous case reports of renal impairment have been reported subsequently with tenofovir use [3] [4] [5] [6] . Although the risk of nephrotoxicity appears to be low, product information for tenofovir contains a warning regarding the development of acute renal failure and Fanconi syndrome, which is characterized by proteinuria, glucosuria, hypophosphatemia, hypokalemia, and low serum bicarbonate [5, 7, 8] . The exact mechanism by which tenofovir causes nephrotoxicity has not been fully elucidated; however, it is thought to be related to an interference with the transporter proteins leading to higher intracellular drug concentrations and thus causing proximal tubular damage [4, 7] . Most cases of renal toxicity due to tenofovir are mild, gradual, and reversible, requiring only discontinuation of tenofovir without further clinical intervention. However, a subset of patients with multiple risk factors for tenofovir toxicity, such as older age, low body weight, those taking concomitant nephrotoxic medications, or those that have an unknown genetic predisposition to tenofovir toxicity can develop acute renal injury [7, 8] . Our patient presented with some laboratory abnormalities that were consistent with tenofovir nephrotoxicity such as low bicarbonate, normoglycemic glucosuria, and mild proteinuria. Table 2 . The Naranjo adverse drug reaction probability scale. Naranjo criteria classify the probability that an adverse event is related to drug therapy based on a list of weighted questions. The ADR is assigned to a probability category from the total score as follows: definite if the overall score is 9 or greater, probable for a score of 5 -8, possible for 1 -4 and doubtful if the score is 0 [1] .
Yes
The patient's renal function improved after discontinuation of tenofovir, suggesting tenofovir was the likely cause or contributing factor. There are cases reported in the literature of nephrotoxicity developing shortly after the initiation of tenofovir as it did in our patient, however, most of the cases report later onset (about 20 weeks) [4, 7, 8] . Other etiologies of renal insufficiency, such as poor renal perfusion, obstruction, infection, or concomitant nephrotoxic medications were unlikely based on the patient's history and clinical course.
This case is unique in that while tenofovir nephrotoxicity has been well documented, to our knowledge this is the first case report that describes an adverse event from concomitant medications as a result of tenofovir nephrotoxicity that resulted in significant morbidity. In this case, not only did deteriorating renal function as a result of tenofovir toxicity lead to a higher than recommended ethambutol mg/kg dose, but an acute weight loss further increased the risk of ocular toxicity with ethambutol.
Ethambutol, in combination with a macrolide, is the recommended treatment of disseminated Mycobacterium avium complex (MAC) [9] . Although generally well tolerated, there are side effects associated with its use, such as peripheral neuropathy and optic neuritis. Classic cases of ethambutol induced optic neuritis have been described, ranging from mild cases of blurred vision and red-green color indiscrimination, both of which our patient developed, to permanent vision loss [10, 11] . The mechanism by which ethambutol affects the optic nerve is unknown. Several risk factors have been identified for ethambutol-induced optic neuritis, such as extended duration of use, decreased ethambutol clearance, age, concomitant drugs that can affect vision, and other vascular diseases [11, 12] . Ethambutol ocular toxicity is thought to be doserelated, with an estimated incidence of 5% to 6% at doses of 25 mg/kg and 18% at doses over 30 mg/kg. The incidence at the lowest recommended dose (15 mg/kg) has been reported to be less than 1% [12, 13] . The Centers for Disease Control (CDC) Morbidity and Mortality Weekly Report (MMWR) recommends an ethambutol dose of 15 to 20 mg/kg/day, with a target dose of 15 mg/kg, for the treatment of MAC [9] . The timing of ethambutol ocular toxicity can range from as early as weeks to one year after initiation of therapy [11, 12] . In our patient, acute weight loss also contributed to a higher than anticipated mg/kg dose of ethambutol, which may have increased her risk for ocular toxicity.
Clearance of ethambutol is primarily renal, approximately 50 percent is excreted in the urine unchanged [14] . In patients with impaired renal function, the half-life of ethambutol is increased which can lead to drug accumulation and increased risk of developing adverse effects. It is recommended that ethambutol be used with caution in patients with renal impairment and that appropriate dose adjustments are made. For patients with end-stage renal disease, the recommendation is to increase the dosing interval to every 48 hours [14] .
In a recent article published by Talbert Estlin et al., 70 cases of ethambutol optic toxicity were reviewed [11] . Most cases of optic toxicity occur in patients with underlying kidney dysfunction from renal disease or increasing age, higher doses of ethambutol, and/or prolonged duration of use. The findings of this meta-analysis revealed that nearly two-thirds of the cases did not include any information about the patient's renal function and no cases reported a dose adjustment for kidney disease. However, of the 25 cases that did report some data on kidney function, 88% included renal disease or sig-nificant risk factors for renal disease. Therefore, it is recommended to maintain doses close to 15 mg/kg, check patient's weight regularly to ensure appropriate dosing, screen for renal dysfunction, and educate patients to report adverse effects promptly [11] .
Fang and colleagues describe two cases of ethambutol-associated optic neuritis in hemodialysis patients [10] . Both were receiving treatment for Mycobacterium tuberculosis; the first case was a 27 y/o female patient receiving 16 mg/kg/day of ethambutol and the other a 50 y/o female patient on 22 mg/kg/day of ethambutol (onset of visual disturbances 4 months and 3 weeks, respectively). Although most reported cases of optic neuritis were reversible, both patients had irreversible damage. In our case, the patient's sight stabilized after 20 months, but never returned to normal.
Conclusions
Tenofovir is one of the agents classified as preferred by the Department of Health and Human Services (DHHS) HIV treatment guidelines and ethambutol is the first line agent for MAC treatment but requires weight based dosing and dose adjustments in the presence of renal dysfunction. Practitioners should be aware of the relatively rare occurrence of renal dysfunction that can occur with Fanconi like tubular dysfunction as a result of tenofovir.
Patients receiving tenofovir and ethambutol should have renal function monitored carefully in order to prevent ethambutol toxicity due to the accumulation of ethambutol that can result from declining renal function. The basis for acute nephrotoxicity with tenofovir remains unknown and needs to be further investigated. However, clinicians should be aware that co-administered renally eliminated medications may require dose adjustments to prevent unnecessary toxicities.
